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OACCIlARIDE-ALKyLENEOXY DERIVATIVE AND INK 

FIELD OF THE INVENTION 
The present invention relatoe to a saccharidc- 
alkyleneoxy derivative or a mixture thereot (hereinatter 
aometiraes referred to as "a saccharide-alkyleneoxy 
dp.rivfltiVA, fltc"), a inethod for producing the same, and 
an ink wiiLainiiiy lliti aaiue. More particularly, the 
invention relates to an ink giving high printing quality 
to plain paper, reqenerateci paper or coated paper, and 
©specially relates to an ink suitable for ink jet 
recording - 

BACKGROUND OF THE INVKNTTON 

Ink jet recording is a method of discharging ink 
fruiu ci £iu^ au^'^le cia droplets to record letters or 
figures on a surface of a material to be recorded. As the 
Ink jet recording systenii. there have come in practice a 
method of converting electric signals to mechanical 
signals by using an pi firtrostri ctive device to 
intermittently diiJcUdLyt; ink stored in a nozzle head 
portion, thereby recording letters or figures on a surface 
of a material to be recorded, and a method of generating 
bubbles by rapidly heating ink stored in a nozzle head 
portion st a position quite close to a discharge portion 
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to intermittently discharge the ink by cubical expansion 
due to the bubbles/ thereby recording letters or figures 
on a curfaco of a material to bo xocordcd, 

Charflc^r.Arisr.irts s^uch fl.ei good drying of printing, nn 
blur in printing, uniform printing on surfaces of all 
materials to be recorded and no mixing of colors in the 
case of multi-color printing have been required for the 
ink ucod in ouch ink jet printing. It particularly ccmos 
into question herein rhat blurs caused by fibers different 
in their permeability are liable to occur when paper is 

used as the material to be recorded. 

Accordingly^ various studies have hitherto been 
conducted for components of the ink. As means for 
dp.r.rfta sing thp. «;nrfrine tension for that purpose, addition 
of diethylene glycol monobutyl ether as described in U.3» 
Pat€*nt 5,156,675, addition of Surfynol 465 (manufactured 
by Kissin Chemical Industry Co., Ltd.), an acetylene 
glycol surfactant, as described in U.S. Patent 5,183,502, 
and addition of both diethylene glycol monobutyl ether and 
Surfynol 4 65 have been studied. Diethylene glycol mono-n- 
hntyl p.ther is described, for example, in U.S. Patent 
3f291,580. In the invention described in U.S. PatenL 
2,083^372, it has been studied to use ethers of diethylene 
glycol In ink. As to the conventional ink for ink jet 
recording, polyglycerol is used as a detergent as 
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described in JP-A-3-152170 (the term '*JP-A" as used herein 
mecins an ^^unexamined published Japanese patent 
dpplicciLlon'') , or ethyleneoxy group-added polyglycerol is 
used as or ethyleneoKy group-addod glycerin 

is used as described in JP-A-4-i84fab. 

Further, as examples in which pigments are used, it 
haft hfton f;t.iiriied and has come in practice that the surface 
Len^lyxi is? iiidinly mainlained high ( JP-A-4-1846S) to 
inhibit the permeability, thereby inhibiting the wetting 
of ink on a surface of paper x:o secure printing quality, 
J2| in many cases « Further, as combinations of glycol othoro 

and pigments, there are an example in which a pigment and 
triothylcnc glycol monomcthyl ether are used as described 
in JP-A-b6-1478fjl, and an RscrimplR in which an ether of 

P: 

^^.J ethylene glycol, diethylene glycol or triethylene glycol 

If^ "i.s wsed as described in JP-A-9-111165, 

However, according to the conventional techniques, 
when the method of inhibiting the wetting of tho ink on 
tlie surface of paper is used/ the permeability of ink int-.n 
paper ia low, ao that the ink runs on plain paper, 
parti ml ?irly regenerated paper frequently used, and it 
takes a long time to dry printed luaLUer. Whexi 
continuously printed, therefore, sheets of printed papor 
cannot be stacked just after printing, because the ink on 
the printed paper is difficult to be dried- In addition, 
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this meLUuU yul£ei,b Irom the problem that colors adjacent 
to each othar aro mixed to blur letters, in the case of 
multi-color printing • 

The regenerated paper has various paper components 
TTiixed, and is a collection of components different in 
Lheir rate of penetration, so that blurs are liable to 
occur by the difference in the rate of penetration between 
them. For decreasing the blurs, a process of heating 
paper has generally been etudiod. However, the heating of 
paper and other materials to be recorded in printing 
suffers from the problem that it takes a long time to 
eifivatft hhft tftmpflratnrp nf a heating unit in a device to a 
predetermined temperature,- that the consumption of 
electricity of a main body of a device is increased, or 
that paper and other iudLeridlsi Lu be recorded are damaged. 

When ink containing a pigment is printed on paper 
having an ordinary sizing agent as a medium to be recorded, 
the problem is also encountered that the pigment remains 
on a fli3rf;3nft of t.hft paper unless permeability is imparted 
to some extent to the ink, thereby deterioraliuy yuiciLch 
resistance- However, high surface tension limits the kind 
o£ paper for performing uniform printing, or is liable to 
cauoc deterioration of printing quality or image quality. 
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The pxestJuL iuvenuioii haa been made to solve the 
foregoing probl ms. 

Accordingly, an object of the present invention is 
to provide a novel additive for providing ink which is 
high in pf=irmeabi.lity into a meditim to be recorded such as 
paper, i:^ printable wiLh few blurs on plain paper, 
particularly regenerated paper frequently used in recent 
years, without any heating means and generates no clogging. 

Another object of tho present invention io to 
provide an ink using the additive, .particularly an ink for 
ink jet printing which is hard to clog a head tip of an 
ink jet printer . 

Other objects and effects of the present invenLion 
will become apparent from the following description. 

The novel coitipuuiid useful aa an additive to ink of 
the invention is a sacoharide-alkyleneoxy derivative 
comprising a compound represented by the toiiowing formula 
(1): 

A-(EP)n-OH (1) 
wherein A retpresents a skeleton of a saccharide selet;teU 
from the group consisting of C3 to Ct2 aldoses, ketoees and 
iiuyuf alcohols; EP represents an ethyleneoxy group and/or 
a propylcnooKy group; and n represents an average number 
of rhe repeating nnir.q. The saccharide-aikyieneoxy 
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derivative of the invention may be a inixlure ol d 
plurality o£ compounds of formula (1) , 

In a preferred embodiment, the saccharlde- 
alkyleneoxy derivative has an average number (n) of the 
repeating units in the above tormuia (1) being trom 0*h to 
10. 

The method for producing a saccharide-alkyleneoxy 
derivative represented by formula (1) below accordinq to 
the invention comprises reacting at least on© of ethylene 
oxide and propylene oxide with ar least one saccharide 
selected from the group coneieting of C3 to C12 aldoses, 
Xeroses and sugar alcohols: 

A-(EP)n-OH (1) 
wherp.in A a Rk'*=ileton of a saccharide selected 

from the group confiiating of C3 to C12 aldoses, ketoses and 
sugar alcohols; EP represents an ethyleneoxy group and/or 
a propyleneoxy group; and n represents an average number 
of the repeating unite » 

The ink of the invention is an ink containing at 
least a coloring material r water, and a saccharide- 
alVyleneoxy derivative comprising a compound represented 
by the following formulci (1) ; 

A-(EP)n-OH (1) 
wherein A represents a skeleton of a saccharide sftlp.r.t.ftd 
from the group consisting of C3 to C12 aldoses, ketoses and 



6 



Ul- 7-1 9; 7 144PM:NGB 



; 335&$1 39 55 



# 9/ 60 



sugar alcohols; EP tepr sents an ethyleneoxy gtoup and/or 
a propyl eneoxy group; and n represents an average niomber 
o£ Lhy rep^^aLiiiq unitat As described above, the 
saccharide-alkyleneoxy derivative of the invention may be 
a mixture of a plurality of compounds of formula (1) . 

In a preferred embodiment of the ink according to 
t.hp. invftnhinn, th«=» ;qvflragA number (n) of the repeating 
uiiili? iu Lhe iicicchcixidtt^ctlkyleiiecjxy derivative represented 
by the above formula (1) is from 0.5 to 10. 

In another preferred embodiment of the Ink according 

- 

to the invention, the ink contains one or more C3 to C12 
saccharides selected from the group consisting of: aldoses 
1^1^ having S or Ices carbon otomo, including glyocraldehyde, 

erythrose, threose, arabinose, xylose, glnno.se, m^^nnnsft, 
talooc and galactose? aldoses having from 7 to 12 carbon 
atom.s; Icp.t05ifts having 6 or less carbon atoms, including 
ei:yLhiuluse, xibulos^i, xylulose, lactose, psicose, 
tagatose and sorbose; ketoses having from 7 to 12 carbon 
atoms; sugar alcohols having from 6 or less carbon atoms, 
including glycerol, crythritol, xylitol, sorbitol and 
mannitol; sugar alcohols having from 7 to 12 carbon atoms. 

In a still other preferred embodiment of Lhe iak 
according to the invention,, the ink contains at least one 
substance represented by formula (2) below in an amount of 
0% to 10% by weight: 
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R-(EP)ra-OH 



(2) 



wherein R represents an alkyl group having from 4 to 10 
carbon atoms , which may be branched, a cycloalkyl group or 
a phenyl group; EP represents an othyloncoxy group and/or 
a propyleneoxy group; and in reprft.sftnt.s ?^r\ ?^v^.r?igpt number 
of the repeating units. 



The novel compound of the invention is the 
saccharlde-alkyleneoxy derivative represented by the 
following formula (1) or a mixture thereof , and was newly 
found, when extensive studies had been marift nnnsi during 
that ink and recorders using the same, particularly ink 
UKfid for ink jet recording and ink jet recording 
apparatuses using the same^ require characLtiris tius such 
as good drying of printing, no blur in printing, uniform 
printing on surfaces of all materials to be recorded and 
no clogging in heads: 



wherein A represents a skeleton of a saccharide selected 
from the group consisting of to C12 aldoses, ketoses and 
sugar alcohols; EP xepreseiiLs an eLhylexieoxy qroup and/or 
a propyleneoxy group; and n repreeente an average number 
Of the repeating units- 
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The adculidiiUw-cilkyleiieoxy derivative represented by 
the above-mentioned formula (1) or a mixture thereof can 
also be used in writing ink, ink for lithography, stamp 
ink and ink ribbon ink, as well as in ink for ink jet 
recording. 

Further, Lhe Sdccharlde-alkyleaeoxy derivative 
represented by the above-mentioned formula (1) or a 
mixture thereof Is high in safety to the human body. Is a 
transparent r viscous liquid, has moieture-rctaining 
properties r a high boiling point and a low freezing point. 
Accordingly, it can aloo be used as a humectant for 
cosmetics, an additive for rftsfiarr.h and experiments of 
animals and plants, an additive for attraction of 
insecticides or an antifreeze solution. 

The saccharide-alkyleneoAy dtJrivdLlve represented by 
the above-mentioned formula (1) of the invention or a 
mixture thereof is produced by reacting ethylene oxide 
and/or propylene oxido with at least one saccharide 
selected trom the gronp r.onsisting of Cs to Ci2 aldoses^ 
ketoses and sugar alcohols. 

The saccharide-alkyleneoxy derivative is a substance 
pruduued by reactinq ethylene oxide and/or propylene oxide 
with at least ono saccharide selected from the group 
consisting of Ca r.o t:i2 ^"idn«;ftS/ ketoses and sugar alcohols, 
and obtained as a mixture containing a group of yubaLancjea 
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having, at least one ethylene oxide anci/ui piopylene oxide 
corabined with one saccharide. 

The mixture of the saccharide-alkyleneoxy 
derivative (s) is a substance obtained by mixing two or 
more of the above-mentionftd Si^rrrthari de-alk-yleneoxy 
derivatives, or a substance obLdijiuU by reacLiaq ethylene 
ovide and/or propylene oxide with two or more saccharides 
selected from the above-mentioned three kinds of 
saccharides, and obtained as a mixture containing a group 
of substances having at least one ethylene oxide and/or 
propylene oxide combined with each of the two or more 
saccharides. 

The average number (n) of repeating units can be 
easily adjustp.d by snit;Rbly selecting the reaction 
conditions such as the ratio of the saccharide Lu eLhylexie 
ny-ide and/or propylene oxide and the reaction temperature. 

Further, the above-mentioned group of substances may 
include those different in the number of cthyleneoxy 
groups and/or propyleneoxy groups comhinftri with one 
OQccharide and the bonding position- In some cases, 
unrftartArt saccharides are contained . 

When ethylene oxide diid/ur propylene oxide Is 
reacted with at least one saccharide oclcctcd from the 
above-mentioned three kinds of sacnh^^ri dp.s of Ca to Cis 
aldoses^ ketoses and sugar alcohols, it is preferred LhdL 
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the reaction is conducted in Lhe prtsswxnjtt u£ d udLdlyat^ 
preferably in the presence of an alkaline catalyst. 

As the alkaline catalysr, there can be used an 
alkanolamine euch as monccthanolaminc, dicthanolaminc, 
triethanoiaminft or t.ripropanolflminft, ^in kyl ksnol amine 
such as xnethyldiethanoldmine, eLhyiaiuLiidiJuldULiiit!^ 
dimethylethanolamine or diethylethanolamine, an alkylamine 
such as rrlmethyl amine, me-chyldiethylamine or 
dimethylethylamine, or an inorganic salt such ae ammonia/ 
urea, KOH, NaOH or LiOH. 

The above-mentioned reaction ia preferably conducted 
under an inert atmosphere. 

Further, some of the above-mentioned saccharides are 
liable to discolor by the Maillard reaction, so that it is 
necessary to make them hard to didcolox by usijit^ a 
saccharide hard to discolor, or by paying attention to the 
heacing time and temperature or inert gas substitution. 

The eaccharide-alkylcncoxy derivative rcprcacnted by 
the above-mentioned ±ormuia (1) or a mivtur^a thereof in 
which the average number (n) of repeating units of the 
ethyleneoxy groups and/or the propyleneoxy groups is from 
0-5 to IC is pryltsrxttd ds an additive to ink, particularly 
ink for ink jet recording. 

Then, in the following riR.snripr.i nn, T.hR M.cie that 
the saccharide-alkyleneoxy derivative represented by the 
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above-mentioned formula (1) or a mixture thereof is 
particularly used in ink for ink jet recording is 
described as a cypical example in detail, of course, it 
i3 to be understood that the use of the saccharide- 
allcylenecxy derivative represented by the above -inentioned 
lorniula (1) or a mixture thereof is not limited to the ink 
for ink jet recording. 

The ink of the invention is ink for ink jez 
recording containing at least a wator-colublc coloring 

O 

material and water, and has a feature ot containing the 
j5|^ oaccharide-alkyleneoxy derivative represented by the 

'pi; above-menti onfid formula (1) or a mlvture thereof. 

'"^ The average niamber (n) of the repeating units in the 

saccharide-alkyleneoxy derivative represented by the 
SJ; dbove-iaejiLiuiieU fox/mula (1) or a mixture thereof is 

preferably from 0,5 to 10 » When n is less than 0.5, the 
n effect of addition thereof is low to cause low moisture 

retention* Clogging ia therefore liable to occur* However, 

whfin it is used in combination with a saccharide described 

later, n is not limited thereto . 

On the other hand, when n exceeds 10, the viecoeity 

thereof unfavorably Increases, so chat the use thereof as 

the ink for ink jet recording becomes difficult. 

It. is preterred that the repeating unit (EP) in the 

saccharide-alkyleneoxy derivaliwe repre^seiiLed by Lhe 
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above-mentioned ruijuuld (1) or a mixture thereof is an 
ethyleneoxy group and/or a propylcncoxy group and the 
saccharide-alkyleneoxy derivative or a mixtures t.hp.rftof has 
a molecular weight diotribution in ink. In particular. 
When low-viscosity ink is re.qi.iired, ethyleneoxy group- 
containing one is prwr«rubly used/ and when high-viscosity 
ink is required, propyleneoxy group-containing one is 
preferably used* The amounts of these can be properly 
selected. 

The Inlc containing the saccharide-aiJcyieneoxy 
derivative or a mixture thereof having a molecular weight 
disrribution tends to approach thp. Newtonian fluid, which 
preferably improves the discharge stability of Lhe iuX. 
Although the weight average molecular weight (Mw) /nunOaer 
average molecular weiqhL (Mn) iy preferably 2 or more, it 
is to be understood that less than 2 is denied. 

The number average molecular weight ot the sacr.har- 
ide-alkyleneoxy derivative represented by the above- 
mentioned tormula (1) or ^ mixture thereof is preferably 
1000 or less. When the average moletjular weiqht exceeds 
1000, the '^intermittent printing oharacterictic'\ the 
chdrduLeribtic of discharging ink after no discharge for a 
definite time to conduct printing^ is deteriorated. 

Further, in rhp. s^ircharide-aikylensoxy derivative 
represented by the above-mentioned JCuriuulbi (1) or a 
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mixture thereof, A represents a skeleton of a saccharidti 

Anted from the group consisting of C3 to Cig aldoses, 
IteLuyeb' dnd tiuyar alcohols, and particularly a skeleton of 
a saccharide selected from the group consisting of: 
aldoses having 6 or less carbon atoms, including 
glyceraldehyde, erythrose, threose, arabinose, xylose, 
glnr-nser mannose^ talose and galactose; aldoses having 
£ruiu 7 Lo 12 carbon atoms; ketoses having 6 or less carbon 
atoms, including erythrulose, ribulose, xylulose, lactose, 
psicose, tagatose and sorbose; ketoses having from 7 to 12 
carbon atoms; sugar alcohols having 6 or loss carbon atomo, 
including glycerol, eryrhritol, xylitol, sorbitol and 
mannitol; and ougar alcohols having from 7 to 12 carbon 
atoms. A skftlfit.on h;5ving 9 or less carbon atoms is likely 
to evaporate at ordinar-y temperature, and does not have 
high moisture retention ability as one having 3 or more 
carbon atoms. Accordingly, the effect of preventing 
clogging is low. However, it is to be understood that a 
skeleton having 2 or less carbon atoms is not denied. 
Further, a skeleton having 12 or less carbon atoms is 
preterresd- A .<;kRlRton having 13 or more carbon atoms 
increases in viscosity, so that iL becuiiieii dilliculL to 
use as the ink for ink jet recording, although depending 
on the amount thereof added. However, a skeleton having 
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13 or more carbon atoni:^ la xiuL denied, and may be used in 
an amount of 20% or less. 

The conteni; ot the saccharide-allcyleneoxy derivative 
rapresented by the abovo-mcntioncd formula (1) or a 
mixture thereot in the ink i?^ prp.fp.rably from 0.1% to 30% 
by weight. 

Further, in the ink of the invention, the above- 
iueatiutied C3 to Ci2 saccharide can be used in combination 
with the saccharide-alkyleneoxy derivative represented by 
the above-mentioned formula (1) or a mixture thereot. In 
that case, the total amount of the oaccharide alkyleneoxy 
derivative represented by the above-mftntionpid formula (1) 
or a mixture thereof and the above-mentioned C3 to C12 
saccharide is preferably from O.S% to 30% by weight. When 
the content thereof is less than 0.5% by weight, the 
effect of moisture retention is low, and therefore, 
cloqcjinq is liable to occur. On the other hand, when the 
contont exceeds 30% by weight, the viacoaity thereof 
unfavorably increaae?!, so that the use thereof as the ink 
for ink jet recording becomes difficult. More pxelerably, 
the content is from 3% to 15% by weight. Specific 
examples ol tU(i bctucliarides used in combination with the 
saccharide-alkyleneoxy derivative represented by the 
above-mentioned formula (1) or 3 mixture thereof include 
general aaccharides such as glyceraldehyde, yryLhxoae, 
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thi-eose, arabinose, xylostir ylucoae, inannoae, talose, 
erythrulose, ribulose, xylulose^ lactose, psicose/ 
taqarose, sorbose, glycerol , erythritolr xylitol , sorbitol, 
mannitolr trohalooc, kojibiooe, nigrose, maltose, 
isomaltose, i sotrfthalo!=ifi, snphoroser laminaribiose, 
cellobiose, qeuLlobiuae/ N-dceLylqlucoseimine, qlucosamine, 
3^ fi-anhydrogalactose, carboxymethyl cellulose, 
fractoollgosaccharide, isomaltooligosaccliaricie, 
gontioligoBaccharide, straight-chain oligosaccharide, 
lactooligosaccharide, soybeanoligosaccharide, 
^t|^ xylooligosaocharidc, chitin-ohitosanoligosaccharide/ 

pectinoligosaccharide, agarooJ i gosannhari dfi, 
inulioligosaccharider galactooligosaccharide, lactosucrose/ 
l^jrtt.nlcser lactitol, paranichit, reduced glutinous starch 
^==4; syrup, pectin, gum arable, cyamoposls quju, loc;uyL bean gum, 

Iq carageenan, alginate, pullulan, xanthan gum, curdlan and 

polydexr r o s e . 

Further, the surface tcncion of the ink of the 
invention at 25*^0 is preferably 40 mN/m or less- When the 
surface tension exceeds 40 mN/m, the permeability is 
lowered to cause time-consuming drying on a medium such as 
paper, or lidbillLy to the bleed phenomenon that colors 
are mixed in multi-color printing. The surface tension is 
more preferably from mw/m to 3.b mN/m, 
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Further, it is preferred that Lhe ink ul Lhe 
invAnhion contains di (tri) ethylene glycol monobutyl ether 
in dti dKiuuni: of 0% to 20% by weight, and (di) propylene 
glycol jnonobutyl ether in an amount of 0% to 10% by weight. 

Still further, the ink o± the invention preferably 
contains a 1,2-alkylene glycol having from 4 Lu 10 cdrboxi 
ahnm.s in an amount of 0* to 10% by weight- The addition 
uf Lhfc? 1,2-alkylene qlycol having from 4 to 10 carbon 
atoms can reduce blurs- In particular, 1/ 2-pentanediol 
and 1/2-hexanedlol are preferred- The content thereof is 
preferably from 0% to 10% by weight, and when another 
permeating agent is contained, the content is 0%. Rven 
when the content exceeds 10% by weight, the permeability 
is not morft imprnvp.ri. Accordingly, the content is 
y preferably up to 10% by weight for lowering Lhe viscoaiUy. 

Q. The content is preferably from 3% to 10% by weight for 

1, 2-pentanediol, and from 0,5% to 5% by weight for 1/2- 
hexanediol . 

Furthermore/ the ink ot the invention prAferably 
containo an acetylene glycol surfactant in an amount of 0% 
to by wftight. The addition of the acetylene glycol 
surfactant can reduce blurs. lu pdrLluular, Orfin E 
series {manufactured by Nissin Chemical Inductry Co*, 
Ltd.) and Surfynol series (manufactured by Nissin r.hemical 
Induatry Co., Ltd.) are preferred. The content thereof is 
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from 0% to 5% by weight/ and when anuLhtsi. penaeatinq aqent 
is contained, the content is 0%, Even when th© content 
exueeda 5% by weiqht, the permeability is not more 
improved- Aocordinglyr the content ic preferably up to 5% 
by weight for lowering the viscosity. Thft rronhp-nt is more 
preferably from 0.5% to 2% by weight. 

Moreover, the ink of the invention preferably 
coiiLdinii d bubb'tance represented by the following formula 
(2) in an amount of 0% to 10% by waight: 

R-(EP)m-OH (2) 
wherein R is preferably an alkyl group having from 4 to 10 
carbon atoms, a cycloalkyi group or a phenyl gronp, and 
particularly preferably a branched alkyl group; EP is an 
ethyleneoxy group and/or a propyleneoxy group; and m is an 
average number of the repeating units. 

The average nuiT±)er (m) of the substance represented 
by formula (2) existing In the ink system is at least 1, 
and preferably from 1 to 10, The average number (m) of 
propyleneoxy groups is U.b or moret, and preferably from 
0,5 to 5/ when they exist. When another permeating agenL 
if? rnnt;^inpd/ the content of the substance represented by 
formula (2) is 0%. Eveii wljun Lhe content exceeds 10% by 
weight, the permeability ie not more improved. 
Accordingly, the content is preferably np ro 10% by weight 
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for loweriiiy Lhe vitJuoEsity, The content Is more 
preferably from 0.5% to 6% by weight - 

in addition, the coloring material used in the ink 
of the invention is a water-soluble dye and/or a water- 
finliihlfl pigment that is made water-dispersible. Although 
dyuy aixU pigments include water-soluble and oil-soluble 
ones, the water-eoluble dye and/or pigment is preferred in 
rhe invention - 

The pigments used in tho invention can be made 
water-dispersible by surtace oxidation and/nr rn;5ting with 
polymcra by known means. 

Although thft pigments include ones dispersed in 
water using dispersing agents composed of surfduLcinLy or 
polymers, ones made water-dispersible by surface oxidation, 
and ones made waLej:-di^pert>ible by coating with polymers, 
the surface-treated pigments and/or the pigmonto coated 
with polymers are preferred for ink jet printing from the 
viewpoints of dioohargc stability of ink and a decrease in 
viscosity. Fnrthfir, the surface-treated pigments and/or 
the pigments coated with polymers wiLhcjLdiiU aeverer 
conditions than the pigments dispersed in water using 
Uiyperbiriq aqentS/ and are stable at lower temperatures 
and higher tcn^craturea - They can therefore provide ink 
usable in ^ wide range, 
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The ink of the invention is preferably ink used i£i du ink 
jet recording apparatus having a head discharging the ink 
by xespunse of signals by use of an elecrrostrlctlve 
device. Methods for discharging ink by the ink jot oyotcm 
include a method using an electrostrictive dftvir.6» stirh a.*; 
a piezoelectric element, and a method of generaLiny 
bubbles by rapid heating to discharge ink by cubical 
expansion due to the bubbles- The ink of the Invention is 
particularly effective when used in an ink jet recording 
apparatus having a head discharging the ink by response of 
signals by use of an clcctroctrictivo device, and secures 
the prevention of clogging and discharge stabi.lity. 

The ink of the invention can appropriately contain 
addltivfift fitir.h a preservative |. an antioxidant^ an 
electric conductivity regulating agent, a pH requlaLiiiy 
agent, a viscosity regulating agent, a surface tension 
regulating agent and an oxygen absorber, as additional 
components . 

Ji'or inhibiting the drying ot the ink at thp. frorit of 
a no2zlc, a water-soluble glycol is preferably added to 
the ink of the invention. Examples of such glycols 
include ethylene glycol, ditdLhylyny glycol, triethylene 
glycol, propylene glycol/ dipropyleno glycol, tripropylcne 
glycol/ polyethylene glycol having a molecular wp.ighr nf 
2000 or less, 1^ 3-propylene glycol^ isopxopylene glycol. 
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isobutylene glycol/ 1, 4-butanediolr 1, 3-butanediol, 1^2- 
pent;gnft(iinl , 1 , 5-pentanediol, 1, 2-hexanediol, 1, 6- 
hexanediol^ 1,2, 1, 8-octaneciiol, 1,2- 
octanediol, glycerol^ mesoerythritol and pentaerythritol . 

Further, the ink of the invention can also contain 
many kinds of saccharides for inhibiting clogging with the 
inJc dried at thft front of 3 naz7.1e. The saccharides 
include monosaccharidyti ciiicJ yulyaaccharides, and there can 
be used alginic acid and salts thereof, cyclodextrins and 
t^tjlluluises/ as well as glucose, mannose, fruccose, ribose^ 
xylose, arabinose, lactose, galactose, aldonic acid, 
glucltose, maltose^ cellobiose, sucrose, trehalose and 
maltotrioee- 

Furthermore, the ink of the InveiiLiuxi can contain 
other compounds having compatibility with water, improving 
Lhe sulubllity of qlycol ethers and ink components having 
low solubility in water contained in the ink, further 
improving the permeability of the ink into a material to 
be recorded such as paper, or inhibiting the cloggiiiy of a 
nozzle. Such nomponnds include an alkyl alcohol having 
from 1 to 4 caiboji alomy, a qlycol ether (e.g<, ethylene 
glycol monomethyl ether, ethyleno glycol monoethyl ether, 
ethylene glycol monobutyl ether, ethylene glycol 
monomethyl ether acetate, diethylene glycol monomeLhyl 
ether, riiftthylfinft glycol monoethyl ether ^ diethylene 
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glycol mono-n-propyl ther, ethylene glycol mono-ieo- 
propyl ether, diethylene glycol mono-iso-propyl erher, 
ethylene glycol mono-n-butyl ether, diethylene glycol 
mono-n-hnr.yl ftr.hftr, triethylene glycol mono-n-butyl ether, 
ethylene glycol mono-t-butyl eLhex/ UitJlUylene qlycol 
mono-t-butyl ether, 1-inethyl-l-methoxybutanol, propylene • 
glycol monomethyl ether, propylene glycol monoethyl ether, 
propylene glycol mono-t-butyl ether/ propylene glycol 
mono-n-propyl ether, propylene glycol mono-iso-propyl 
cthcrr dipropylene glycol monomethyl ether, dipropylene 
glycol monoethyl ether, dipropylene glycol mono-n-propyl 
ether, dipropylene glycol luono-iso-propyl ethei:, propyluue 
glycol mono-n-butyl ether, dipropylene glycol mono-n-butyl 
ether), f orraai;iLcle; dceLciiuidt;, dimethyl sulfoxide, sorblt, 
sorbitan, acetin, diacetin, triacetin and eulfolano. They 
can be appropriately selected and added. 

The ink of the invention can algo contain other 
surfactants for further controlling the pfirmftahi 1 i ty. As 
the surfactants contained, preferred axe surlduLariLb 
nomp^qt.i hi p. with the ink, which are shown in Examples 
described later. Of the surfactants, preferred are ones 
high in permeability and stable. Examples thereof include 
amphoteric surfactants and nonionic 5?urfar.t?»nts- The 
amphoteric surfactants include lauryldixufejlhylaminoacetic 
acid betaine, 2-alkyl-N-carboxymethyl-N-hydroxy- 
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ethylimidazolinium betaine^ coconut fatty acid 
amidopLOpyiaiiuyLhylcuiiinoacetic acid betaine, polyocryl- 
polyaminoethylglycine and other imidazoline dorivativco. 
The nonionic surfactanra innlurie erhftrs snrh as 
polyoxyethylene nonyl phenyl ethex, polyoxyethylene octyl 
phenyl ether, polyoxyethylene dodecyl phenyl ether, 
polyoxyeLhyleue <±lkyl dllyl phenyl ethers, polyoxyethylene 
oleyl ether, polyoxyethylene lauryl ether, polyoxyethylene 
alkyl ethers and polyoxyalJcylene alkyl ethers; esters such 
as polyoxyethyleneoleic acid, polyoxyethylene oleate, 
polyoxyethylene distearater sorbitan laurate, sorbitan 
monootcarate/ sorbitan monooleate, sorbitan aeaquioleate, 
polyoxyftrhyl p.nfi monooleate and polyoxyethylene stearate; 
and fluorine-containing surfactants such as Iluuriufc! alkyl 
esters and perf luoroalkyl carbonates. 

Further, Lhe ink ul the invention can also contain, 
for example, sodium benzoate, sodium pcntachlorophcnolatc, 
sodium 2-pyrldlnethiol-l-oxide, sodium sorbate, sodium 
dchydroacetate or 1,2 dibenzothiazoline-D-one (Proxel CRL, 
Proxel BDN, Proxel GXL, ProxP.l Yl,-?. and Proxel TH supplied 
from I*C,1), as a preser vdLivtJ or an anLifunqal agent. 

The ink of the invention can also contain a pH 
regulating agent, a solutoiiizing agent or an antioxidant. 
Such agents include alkanolamines such as diethanolamine, 
triethannlami nft And propanolamine, alkylalkanolamines such 
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as methyldiethanolaitiine, dimothylethanolamine/ 
eLliyldiethanolamine and Ulethylethanolamine, and amines 
such as morpholino, and modified products thereof; 
inorganic: salts sur.h api potassium hydroxide,, sodium 
hydroxide and lithium hydt oxide; amnfioniuiii hydruxiUtJ/ 
quaternary ammonixom hydroxides (such as totra- 
mtjUiylajujuonium) ; carbonates such as poT:assium carbonate, 
sodium carbonate and lithium carbonate; phoaphatea; urea 
derivatives such as W-methyl-2-pyrrolidone, urea, thiourea 
and tctramcthylurca/ allophanate compounds such as 
allophanates and methyl ailophanate; biuret nompminds snch 
as biuret r dimethylbiuret and tetramethylbiuret; dxiU L- 
ascorbic acid and salts thereof • 

Furtheriiiore, ih^ ink of the invention can also 
contain a rosin^ alginic acid, polyvinyl alcohol, 
hydroxypropyl cellulose, carboxymethyl cellulose, 
hydroxyothyl cellulose/ methyl cellulose, a polyacrylate, 
polyvinylpyrrolidone or gum arabin starrh, as a viscosity 
regulating agent. 

Tt is preferred that the ink of the invention is 
used in an ink iet recording apparatus having a head which 
discharges an ink by response due to an clcctrootrictive 
device, An ink jet recording apparatus of thp. Ry.stem of 
heating a head portion thereof has the haxiulul Influence 
hh^it the coloring materials and other components contained 

24 



01- 7-13: 7^44PM;^G8 ffl 



; 335561 3955 



# 27/ 60 



in the ink are decomposed to result in liability to the 
clogging of the head. When the ink is used in the ink jer 
recording apparatuo having a head discharging the ink by 
rftja;pon«;e due to an electrostrictive device, such a problem 
does not arise. Accordingly, Lhts ink uJC Lhy iaveiiLion can 
be stably used- 

When the solid matter such as a dye is used in a 
relatively large amount in the ink of the invention^ the 
ink dries at the front o£ a nozzle through which the ink 
^0 is not discharged for a long period of time to cause an 

in increase in its viscosity. Accordingly, thft phAnnm«=inon 

that printing is disturbed is liable to occur. However, 
the ink is stirred by slightly moving it at the front of 
:^ Lhe nozzle Lo such a degree that the ink is not discharged, 

4 and therefore, the ink can be etably diecharged. Thio ic 

^Oi easily controlled by use of an electrostrictive device, 

Ij.^ The method of rapidly heating the vicinity of the nozzle 

generates bubbles, so that such control is impoRRihle. 
Accordingly, by using this mechanism axid Lhe ink of Lhe 
invention^ the concentration of the coloring laaterial in 
Lhe ink can be increased- When the coloring material is a 
pigment, even the use of a material which is caoily foamed, 
such as an emulsion, makes it possiblp. to inrrp.^jse. the 
color density and moreover Lo sLdbly dlschciLqe Lhe ink- 
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In the ink of the invention/ when the coloring 
material Is a pigment, a warer-soluble emulsion nnmprising 
fine polymer particles ia preferably added. 

The amount thereof added is from 1% to 10% by weight 
as the net amount o£ £Xn^ pulymei' pdrLiulets in the ink- 
Less than 1% by welcfht results in a decrease in the effect 
of improving abrasion resistance, whereas exceeding 10% by 
weight results an increase in viscosity of the ink, which 
makes it hard to use the inJc as ink tor ink jet recording. 

Fine polymer particles A to D contained in the ink 
ot the invention r.an hfi prepared as described below: 

Fine Polymer Particles A: 

In a reaction vessel equipped with a dropping 
equipment, a thermometer, a water cooled reflux condenser 
and a stirrer, 100 parts of ion-exchanged water is placed, 
and 0.2 part of potassium persulfate is added as a 
polymerization initiator in an ^»tmosphere of nitrogen at 
70°C with stirring. A laotiuaiwx' auluLiuii obtained by adding 
0,05 part of sodium laurylsulf ate, 5 parts of styrene, 6 
parts of tetrahydrofurfuryl acrylate, 5 parts of butyl 
methaorylate and 0.02 part of t-dodccylmercaptan to 7 
parts ot ion-exchangeri watftr is added dropwise to the 
resulting aqueous soluLluii dU VO^^C Lo conduct reaction, 
thereby preparing a primary material. Then, 2 parts of a 
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10% solution of airanonium persulfate ie added to the 
ptimdiy material, followed by stirring- Furrher, a 
reaction solution oompriaing 30 parts of ion-exchanged 
water^ 0.2 parr of pora^si laurylsulf ate^ 30 parts of 
styrencf 15 parts of butyl methcicrylcity;. 16 pcirtB of butyl 
acrylate, 2 parts of acrylic acid, 1 part of 1, 6-hcxandiol 
diiQuLhaurylate and 0.5 part of r-dodecylmercaptan is added 
with stirring at 70**C to conduct reaction, followed by 
neutralization with airanonia to ph 8 to 8.5. Then, the 
rcoulting solution is filtered through a 0-3-pin filter to 
prepare a dispersion ot tine polymer p;qrt.icles. This is 
taken as Emulsion A. 

Fine Polymer ParLlulea B; 

In a reaction vessel equipped with a dropping 
tiqulpmeat, a thermometer , a water cooled reflux condenser 
and a stirrer/ 100 parts of ion exchanged water is placed, 
and 0.2 part of potassium persultate is aririfiri as a 
polymerization initiator in an atmospheres ol iiitroqen at 
7U*C with stirring. A monomer solution obtained by adding 
0.05 part of yuUiuiu laurylsulf ate, 10 parts of styrene^ 10 
parts of butyl methacrylate and 0.02 part of t- 
dodecylmercaptan to 7 parts of ion-exchanged watfir i s 
added dropwise to the resulting aqueous soluLiun aL 7 0*C 
to nonritirt reaction^ thereby preparing a primary material* 
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ThcHr 2 parts of a 10% solution of ammonium persulfate Is 
;3fifiAd to the primary material, followed by stirring. 
Further, a reacLioii aolution comprising 30 parts of ion- 
exchangod water/ 0.2 part of potaasium laurylsulf ate, 35 
parts of styrene^ 25 parts of butyl methacry l;5t'.p.r in parts 
of acrylic acid, 1 part of bisphenol A dimethacrylaLe and 
0.5 part ot t-riodenylm^srcsptan is added with stirring at 
70**C to conduct reacLioa, followed by neutralization with 
;9Tnmnnia to pH 8 to 8.5. Then, the resulting solution is 

m 

m filtered ihrouyh a 0.3-jim filter to prepare a dispersion 

i3 of fine polymer particles. This is taken as Emulsion B* 

MS 

Fino Polymer Particles C: 

In a reaction vessel equippp.ri with r dropping 
equipment, a thermometer, a water cooled jLeriu>5 coridenser 
and a sti rrftr^ TOO parts of ion-exchanged water is placed, 
1'^. and 0.2 pdxt of poLaasium persulfate Is added as a 

polymerization initiator in an atmosphere of nitrogen at 
70'C With stirring. A monomer solution ohtainp.d by adding 
O.OS part of oodium laurylsulf ate, 15 parts of styrene,. 6 
parts ot benzyl mfthharryl ate, 10 parts of butyl 
methacrylate and 0*02 part of t-dodecylmtircjapLan to 7 
parts of ion-exchanged water is added dropwiec to the 
resulting aqueous solution at 70**^: to conduct reaction, 
thereby preparing a primary material. Then, 2 parts of a 



28 



-19; 3J40PM;N 



10% solution o£ aramoniuin persulfatc io added to the 
priinary material, followed by sr.irring, Hiirther^ a 
reaction solution comprising 30 parts of ion-exchanged 
water^ 0.2 part of potassium laurylsulf ate, 30 parts of 
styrene, 15 parLs or buLyl methacrylate, 10 parts of 
acrylic acid, 1 part of triethanolpropanc triincthacrylate/ 
1 part of 1, 6-hexandiol dimethacrylate and 0.5 part of t- 
dodooylmcroaptan is added with stirring at 7 0°C to conduct 
reaction, followed by neutralization with ammonia f.a pH 8 
to 8-5. Then^ the resulting solution is filtered throuyh 
a 0-3-Jira filter to preparp. s dispersion of fine polymer 
particles. This is taken as Eiiiuliiiuxi €• 

Fine Polymer PdrLlcles D: 

In a rBaction vessel equipped with a dropping 
equipment, a thermometer, a water cooled reflux condenser 
and a stirrer/ 100 parts of ion-exchanged watex" is placed/ 
and 0»2 part of potassium pfir.qnlfatA is added as a 
polymerization initiator in an dtmosphere of nitrogen at 
7n"n with stirring. A monomer solution obtained by adding 
0.05 pcirL of sodium laurylsulf ate, 15 parts of styrene, lb 
parts of butyl methacrylatc and 0,02 part of t 
dodecylmercaptan to 7 part^ of ion-exchanged water is 
added dropwise to the resulLiny aqueous solution at 70°C 
to conduct reaction, thereby preparing a primary material. 
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Then,. 2 parts o£ a 10% solution of ammonium 
persulIdLy la added to the primary material, followed by 
stirring • Further, a reaction oolution comprising 30 
parrs of ion-exchanged war.p.r, 0.2 part ot potassium 
laurylsulfate, 30 parts of styL-ene, 15 parts of buLyl 
methacrylate, 1 part of dipentaerythritol hexamethaorylat© 
and 0.6 part v£ L-dodecyl mercaptan is added with stirring 
at 70**C to conduct reaction, followed by neutralisation 
with ammonia to pH 8 to 8.5. Then/ the resulting solution 
is filtered through a 0.3-nm filter to prepare a 
dispersion of fine polymer particles. This i.s taV^n as 
Emulsion D» 

Monomers for forming the fine polymer particles in 
the emulsions thus prepared iucludts luonof unctional 
monomers such as (a, 2,3 or 4) -alkylstyrenes, {a, 2, 2 or 4)- 
alkuj^yy Lyreney, 3, 4-dimethylstyrene, a-phenylstyrene, 
divinylbensene/ vinylnaphthalcnC/ dimethylamino 
Cmeth) acrylate^ dimethylaminoethyl (meth) acryiatP., 
dimethylaminopropyl aery late, N-dimethylaminoeLhyl 
acrylate, acryloylmorphol ihr, N^N-dimethylacrylamide, N- 
isopropylacrylamide, N,N-dieLliylac;rylamide, methyl 
(meth)acrylate^ ethyl (meth) acrylate, propyl 
(methlacrylate, ethylhexyl (merh) acrylate, other aikyi 
(meth) acrylateSf methoxydiethylene glycol (meth) acrylate, 
ethoxy, prnpnxy nr butoxy diethylene glycol, or 
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polyethylene glycol (meth) acrylate, cyclohexyl 
{meth)acrylate, benzyl (merh) acrylate, phenoxyerhyl 
(meth) acrylatc/ isobonyl (moth) aorylatc, hydroxyalkyl 
(Tne=5r.h) ;^r:ryl flr.ftp!, f 1 nori n«=!-, chlorine- or siHcon- 
CQntaining (meth) acrylates, (meth) acrylamide, maleic acid 
amide and (itieth) acrylic acid, as well as styrene, 
tetrahydrofurfaryl acrylate and butyl amethacrylate- When 
the croselinkcd structure is introduced/ the monomcro 
include (mono, di, tri, tetra or poly] ethylene glycol 
(mcth) acrylate, (moth) acrylates of 1/ 4-butanediol, 1/5 
pentanediol, i,6-hexanediol, 1, B-octanedioi and l^iu- 
decanediolr trimethylolpropane (meth) acrylate, glycerol 
(di or tri) (meth) acrylate, a (nteth) acrylate of an ethylene 
oxide addition producL ol bispheuul A or F, jit^upyuUyl 
glycol (meth) acrylate, pentaerythritol tetra (meth) acrylate 
and dipentaerythritol hexa (meth) acrylate. 

Emulsificro which can be uocd in forming such fine 
polymer particles include anionic surfactants, nonionic 
surfactants and amphoteric surfactants, as well as sodium 
1 ;^nryl so1 fate and potassium laurylsulfate. The 
surldcLanLa which can be added to the above-mentioned ink 
can also be used. 

Polymerization initiators which can be used in 
forming the above-mentioned fine polymer particles include 
hydrogen persulfate, azobisisobutyronitrile, benzoyl 
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peroxide r dibutyl peroxide r peracetic acid, cuitiene 
hydrops Jt'u^iidfcj, L-buLyl liydroxyperoxide and p-iuenthane 
hydroxyperoxide^ as well ae potassium poroulfato and 
ammonium persulfate. As chain r.ranflfftr flgftnr.s for 
polymerization, there can be used n-dodecylmei-captan, n- 
octylmercaptan, xanthogens such as dimethylxanthogen 
disullidy dcid diiaobuLylxanloqen disulfide, dipentene, 
indene, 1^ 4-cyclohexadiene, dihydrofuran and xanthcno, ac 
well as t-dodecylmercapcan. 

The oubotancc rcprcocntcd by the above-mentioned 
formula (2) is prepared, for example, in tne toilowing 
nianner * 

An alkaline catalyst (for example, NaOII) is added to 
an alcohol (for example, i.«iOprnpyl alcohol), and ethylene 
oxide gas and/or propylene oxide gas is introduced to 
condiict addition reaction. Unreacted ethylene oxide gas 
diid/or propylene oxide qas is removed from the resulting 
substance, and the remaining alkali is removed to obtain a 
purified reaction product. The reaction product is 
obtained ao a mixture of substances different in the 
binding ratio of ^thy! flnA oxide and/or propylene oxide . 
The average number (m) of repeating units Is pryfurcibly at 
least 1.0 or more, and the average number (m) of repeating 
units of propyleneoxy groups is preferably 0.5 or more, 
when they exist. Of course, only the substances having 
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Lhe iidme xiuiaber of repeatinq units can also be separately 
used. 

The present invention will be illustrated in greater 
detail with reference to the following examples and 
cumpardLivtt e^ccniiples/ but the invention should not be 
construed ae being limited thereto. 

EXAMPLE 1 

iiynthesis Kxample 1 (Use ot Glucose, which is an Aldose) 

(Specified amounts of glucose, a saccharide, and NaOH, 
Q fln alkalinft catialyst, were placed in a heat-resistant 
,p; glass vessel/ and Lhe inisiUe Lhereol was replaced by inert 
^=4 argon gas through a supply pipe. Then, the temperature of 
Uv the reaction vessel was elevated to 110*^0 to 130**C with 

etirring to melt glucose . Ethylene o^ide gas was 
-W gradually introduced in an amount expected to react, 
l^k followed by stirring at that temperature for 4 hours. 

After thfi rA^iction was terminated^ the resulting product 
was dried uiider vacuura for removing the remaining ethylene 
oxide gas. Further, for romoving the remaining alkali, 
water was added to form an aqueous solution, which was 
passed through a filter paper laminated with diatomaceous 
earth to obtain an aqueous solvit ion of a reaction product, 

ELhylene oxide way introduced in an amount of 3.5 
moles per mole of glucose, and allowed to react. On the 
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measurement by GPC (gel permeation chromatography) the 
diuyuiit ol unreacted glucose was 5% by weight (hereinafter 
indicated by %) , the amount of an addition product of one 
ethylene oxide nni.r. waa 15%, f.hA amount ot an addition 
product of two ethylene? oxide units was 30%, and the 
amount of an addition product of three or more ethylene 
uxiUt! uiiiLa wciy 50%, Unreacted qlucose was separated to 
obtain a glucoee-ethylencoxy derivative to which 3.3 moles 

_ of ethylene oxide was added on average . 

1 

1 3 EXAMPLE 2 

,E Synthesis BKample 2 (Use of Erythrose, which is an Aldose) 

An aqueous solution of a reaction product was 
l^, obtained in the same nianner at> with SynLheaiy E^caraple 1 

/'"'^ with the exception that the saccharide was substituted by 

:D yryUiroae, and the alkaline catalyst was substituted by 

triethanolamine. 

Ethylene oxide was Introduced in an amount ot 2.h 
moles per mole of crythrose, and allowed to react. On Lhe 
measurement by GPC. (gel permeation chromatography) , the 
amount of uurwcHjlfciU ylucose was 15%, the amount of an 
addition product of one ethylene oxide unit was 3S%, tho 
amount of an addition product of two ethylene oxide units 
was 30%, and the amount of an addition product of Lhree ur 
more ethylene oxide units was 20%. Unreacted erythrose 
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was separated to obtain an erythros©-©thylen©oxy 
derivdiLive Lu which 2.4 moles of ethylene oxide was added 
on avorage. 



SynthftRis Rxample 3 (Use of Xylulose, which is a KetosQ) 

An aqueous solution ul d reciuLion product was 
obtained in the same manner as with Synthesis Example 1 
wlLh the exception that rhe saccharide was substituted by 
xylulose, the alkalino catalyot wao substituted by KOfl, 
and the inert gas was substituted by nitrogen. 

Ethylene oxide was introduced in an amount of 2,0 
moles pftr molp. ot xylxiiose, and allowed to react. On the 
measurement by GPC (gel permeation chromdLuyiciphy) , the 
amount of unreacted xylulose was 25% , the amount of an 
addiLlwii pL'oduut of one ethylene oxide unit was 35%, the 
amount of an addition product of two ethylene oxide units 
was 25%, and the amount of an addition product of thrppi or 
more ethylene oxide units was 15%. Unreacted xyluluise Wcia 
separated to obtain a xy"l ul ose-ethyleneoxy derivative to 
which 1,9 moles of eLhyl^xie oxide was added on average • 



Synthesis Example 4 (Use of Fructose, which is a KeLose) 



EXAMPLE 3 



EXAiyiFLfc; 4 
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An aqueous solution of a reaction product was 
obldiutid in the same manner as with Synrhp^iis Kxample 'i 
with the exception that the saccharide was substituted by 
fructose, and r.hfi ;9iifc»j.ine catalyst was substituted by 
monoethanolamine . 

Ethylene oxide was introduced in an amount of 3.0 
utultjii ptsL- mule of fructose, and allowed to react. On the 
measurement by GPC (gel permeation chromatography) , the 
amount of unreacted fructose was 5%, the amount ot an 
~ip addition product of one ethylene oxide unit was 30%, the 

^5 amount of an addition product of two fttbylRnp ovide units 

S was 20%, and the amount of an addition product ol Lhree or 

morfi ethylene oxide units was 4 5%. Unreacted fructose was 
separated to obtain a IxuuLose-ethyleneoxy derivative to 
which 2,8 moles of ethylene oxide was added on overage. 

h 

EXAMPLE 5 

synthesis Example 5 (Use ot Xylitol, which is Pi Sugar 
Alcohol) 

An aqnp.oiis solution of a reaction product was 
obtaiaeU in llie acime manner as with Synthesis Example 3 
with the exception that the saccharide wao ovibotituted by 
xylitol, the alkaline catalyst was snh?ihitnted by urea, 
propylene oxide was introduced in Lhts yaseous state in 
place of ethylene oxide to similarly obtain a propylene 



36 



7-13; 7!44PM;NJ^Mt(; 



; 3385613958 



oxide addition product, and thon^ ethylene o^tidc gao was 
further introduced r.o add ArhylAnft oyidp. 

Propylene oxide and ethylene oxide were introduced 
in amounts of 1 mole and 3,0 moles, respectively, par mole 
ol xyliLul^ diid cillowed to react- On the raeasurement by 
GPC (gel permeation chromatography) ^ the amount of 
unreacted xylitol was 5%^ the amount of an addition 
product of one propylene oxide unit was 5%, the amount of 
an addition product ot one ethylene oxide unit was 15%, 
the amount of an addition product of two propylene oxide 
units waft 5%, thp. amount of an addition product of two 
ethylene oxide units wds 10%, Lhe ciiiiounL ol an addition 
product of three or more propylene oxide unite was 5%, the 
amount of an addition product of three or more ethylene 
oxide units wa£3 20%^ the amount of an addition product of 
one propylene oxide unit and two ethylene oxide units was 
15%, the amount of an addition product of one propylene 
oxide unit, and thrftp. or more ethylene oxide units was 10%, 
and the caifiounL uf an dddiLion product of two or more 
propylene oxide units and one or more ethylene oxide unite 
was 10%. unreacted xylitol was separated to obtain a 
mixture of xylitol-alkyleneoxy derivatives comprising a 
xyl i tnl -propyl eneovy derivative to which 1.0 mole of 
prupylentj uxide waa added on average, and a xylitol- 
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ethyleneoacy derivative to which 2,9 moles of ethylene 
yxide waa added on average. 

EXAMPLE S 

Synthesis Example 6 (Use of Sorbitol, which is a Sugar 
Alcohol) 

An aqueous solution of a reaction product was 
obLained in the same manner as with Synthesis Example 3 
with the exception that the saccharide was substituted by 
sorbitol, and the alkaline catalyst was substituted by 
tripropanolamine . 

Ethylene oxide was introduced in an amount of 3,0 
moles per mole of sorbitol, and allowed to react. On the 
measurement by GPC (gel peritiydLioii chroiUdLuyxciphy) , the 
amount of unreacted sorbitol was 5%, the amount of an 
addition product of one ex:hylene oxide unit was 30%, the 
amount of an addition product of two ethylene oxide units 
was 20%, and the amount of an addition product ot three or 
more ethylene oxide units was 45%. Unreacted sorbitol was 
separated to obtain a sorhi tol-ethyleneoxy derivative to 
which 2.9 moltiii ol ylhyle^iitj oxide was added on average- 
When the reaction products obtained as described 
above (the saccharide-alkyleneoxy derivatives represented 
by formula (1) or the mixtures thereof) are used in the 
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ink, they may be either added in the aqueous solution 
state, or used in Che dried state - 

Examplco arc described in detail below in which the 
£?ar-nhari rifi-;ql Jcyl ftriAoxy derivatives represented by formula 
(1) or the mixtures thereof obtained as described above 
are added to the ink. 

In the followinq examples, there are cases where a 
dye, a pigment/ or both a dye and a pigment are used as 
water-soluble coloring material (s) . 

Water-soluble pigments 1 to 4 used in the following 
examples have structures having carbonyl groups, r:;9rhox*yl 
groups, hydroxyl groups, sulfone groups, etc. at Lheir 
ends by dispersion treatment of surfaces of carbon black 
parLiuley lidviuy a size of 10 nm to 300 mn by oxidation. 

Each average particle size is indicated in nm in 
parentheses. 

Water-soluble dye 1 is Direct Dlack 154, water- 
soluble dye 2 is Direct Yellow 1 :■!/!, watfir-Rolnhl e dye 3 is 
Direct Blue 85, and water-soluble dye 4 Acid Red 52. 



EXAMPLE 7 

Amount Added (wt%) 
water-soluble Pigment 1 (9b) 5.n 
Substance Obtained in Exauiple 1 7.0 
Substance (1) of Formula (2) 3,0 
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DEGmBE 5 , g 

Orfin .ST« 0.8 

Fine Folymer particles a rs.n 

Triehtylene Glycol 10.0 

Maltitol 2.0 

2-PyrrolidonB 2 . 0 

Tridthano lamin© 0 . 8 

Ion-Exchanged Water tne balance 



In cubctanco (1) of formula (2), R is an isopentanol 
=Q group/ m is b.b, and l.b propyleneoxy unnt.f? and 4 

i;3 ethyleneoxy units are added to R. 

S nKC;mRTr: methylene glycol monobutyl ether 

rt Orfin STG: Acetylene qlycol surfactant 

(manufactured by Nissin Chemical Industry Co., Ltd,) 
"'^ The surface tension of the ink ar. 25'(: is 3n mN/m, 

H EXAMPLE 8 

Amount Added (wt%) 



WdUyr-Soluble Piqment 2 (85) 4-5 

Substance Obtained in Example 2 10.0 

Substance (2) of h'ormula (2) i.b 

DPCxnBB 3 . o 

DRGmBE 5 . o 

Orfin ElOlG 1.0 

Fine Polymer PdxLit^ltia A 3,0 
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Dipropylene Glycol 5.0 
Lactosucrose 5.0 
Glycerol 2-0 
Surfynol 4 65 1.2 
Triethanolamine f) . 9 

Ion-Exchanged Water Lhy bdldiiue 

In substance (2) of formula (2), R is an isopentanol 

qroup, m is 4*5^ and 1*0 propyleneoxy unit and 3.5 

ethyleneoxy units are added to R. 

DPGmBE: Dipropylene glycol monobucyl ether 
Orfin ElOlO: Acetylene glycol ourfactant 

{manufactured by Nissin Chemical Industry Co., T.tri.) 
Surfynol 465: Acetylene glycol surfactant 

(m;gnufactnred by Rir Products (U.S.A.)) 

The tsurface tension of the Ink at 25*C Is 31 mN/m. 

EXAMPLE 9 

Amount Adrifid (wt%) 

Water-Soluble Pigment 3 (90) 5,5 

Substance Obtained in Example 3 6.5 

PGniBE 3 . 5 

TEGmBE 5 , 0 

surfynol 104 n.3 
Fine Polymer Particles fcs 10.0 

Diethylene Glycol 7.0 
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Thiodiglycol * 3.5 
1 , 6-Hexanediol 5 . 0 

Diethylethanolamine i,0 

Potaocium Hydroxide 0.1 
lon-Exnhangeid Watp.r the balance 



PGmBE: Propylene glycol uionobaLyl eLlier 
TEGmBE: Tctraethyleno glycol monobutyl ether 
Surfynol 104: Acetylene glycol surfactant 
(manufactured by Air Producte (U.S.A.)) 

Thift flurfflr.A t-.ftnsion of the ink at ^5*^0 is 29 mN/m. 

EXAMPT.R in 

Amount Added (wt%) 



Water-Soluble Piqment 4 <80) 5.0 

Water-Soluble Dye 1 1,0 

SuJDstance Obtained in i::xample 4 8.0 

DEGmDE 5 . 0 

TEGmBE 5 . 0 

Fine Polytnftr Parti r.les C 1.0 

Glycerol 10. 0 

Tetraethylene Glycol 4.0 

1, 5^Peritanediol 2 . 0 

DjLmothyl-2-iiuidQzolidinonc 2 . 0 

Sodium Hen7.oar.ft 

Triethanoldiuiue 0 . 7 
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lyxi-Excliciiiged WaLer the balance 

The surface tension of the ink at 25®C is 33 mN/m. 

Amount Added (wt%) 

Water-soluble Pigment 1 (105) 3.0 

water-soluble Dye 1 1,0 

Substance Obtained in Example 5 4,0 

3 

0 ■ Orfin STG 0,3 



Fine Polymer Particles D 1,0 

Glycerol 10.0 

Triethanol«iinine 0 • 3 

lon-Eicchanged Wat-sr the balance 
The surface tension of the ink at 2S°C is 31 raN/m. 

Amount Added (wt%) 

Water-Soluble Dye 2 5.0 

Substance Obtained in Example S 5.0 

DPGltlBE 4 . 0 

DECmBE 8 , 0 

Glycerol 15,0 

'I'hi odigl yco I 2.0 

1 , 6-Pentanediol 1 , o 
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Triethanolamine 0 . 9 

Ton-Exchanged Water the balance 

The surface tension of the ink at 2^5**^ is 31 mN/m, 

EXAMPLE I'A 

AraouiiL Adtied (wt%) 

WaLer-Suluble Dye 3 5.0 

Substance Obtained in Example 1 3*0 

Substance obtained in Example 3 2-0 

Subotancc (3) of Formula (2) 5.0 

Glycerol fS,o 

Fructose 5.0 
Trimothylolpropanc 1 . 0 

Trimethylolethanft 1.0 

Surfynol 465 1.0 

Tri ethanolamine 0 , 5 

KOH 0,05 

Ion-Exchanged Water the balance 

in substance (3) of formula (2), R is a methyl - 

isobutylcarbinol group, and 1.5 propyleneoxy units and 4»5 

ethyleneoxy units ata added to R. 

Thti surface Tension of rhe ink at 25'C is 32 mN/ra. 

E2CAMPLE 14 

Amount Added (wt%) 
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Water-Soluble Dye 4 
Substance Obtained in Example 2 
Substonco Obtained in EKample 5 

Glycerol 

Diethylene Glycol 

Tetrapropylene Glycol 
Triethanolamine 

Tr ipropano 1 amine 

lon-Exchanged water 

The surface tension of the ink at 25°C is 30 mN/m, 

The compositions ot inJc used in Comparative F.xaTnplR.<; 
are as follows- As piginents shown in Comparative Examples^ 
hhf=%rA w^j.s used carbon black dispersed with a random 
copolymer type styrene-acrylic acid dispexsiuy ciytJiJl. The 
average particle size of the pigments is indicated in nm 
in parentheses • 



5.5 

4.0 

4.0 
1U,U 

5.0 

5.0 

5.0 
0.9 

0,1 

the balance 



COMPARATIVE EXAMPT.R 1 

Amount Added (wt%) 

Water-soluble Picfinent 9 (90) 5,0 

Glycerol 10.0 

Styrene-Acrylio Acid Disporcing Agont 3,0 
Nonionic surfactant 

Noigen EA160 (Ddi-iuhi Koqyo Seiyaku 

Co,, Ltd.) 1,0 

lon-Exchanged water the balance 
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COMPARATIVE EXAMPLE 2 

Amount Added (wt%) 

Water-soluble Dye (Food Black 2) .S-h 
DEGmME V . U 

Dicthylcnc Glycol 10^0 

2 yrrolidone 5 . 0 

Ion-Exchanged Water the balance 

nf.GinME: Diethylene glycol monornethyl ether 

COMPARATIVE EXAMPLE 3 

i^ount Added (wt%) 
Water-Soluble Pigment 11 (110) S.5 

Water-soluble Dye (Food Black 2) 2.5 
Dicthylcnc Glycol 10.0 

Poiyethyl fines Glycol Octyl Phenyl Ether 1.0 

lon-Exchdncjed Water the balance 

To the ion-exchanged water of b'xampleSr tor examplp., 
Proxel XL-2 supplied from Avccia Co, was used in an amount 
of 0.1% ro 1% for preventing inlc from spoiling, 
bcnzotriasole in an amount of 0,001% to 0.05% Xyr 
preventing ink jet head members from corroding/ and 
ethylenediamiiieLelraaceLic acid disodlum salt (EDTA) in an 
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amount of 0.01% to 0.03% for reducing the influence of 
metallic ions in ink systems - 

Alphabetic and numerical characters were printed 
with the ink of the above-mentioned Examplee 1 to 14 and 
Comparative Examples 1 to 3 on the toliowing paper of the 
A-4 5iz$ using an MJ-930C ink jet printer manufactured by 
Seiko Epson Corporation. For the resulting printed matter, 
blurs were evaluated by visual observation, and fudged 
according to the following criterion: 

A: very good, B: Good, C: Poor and D: Very poor. 
The results thereof arc shown in Tabic 1- 
The paper used for the evaluation is ordinary paper 
commercially available in Europe^ U-S.A. and Japan, and 
inrludfift ConquRrnr p;^pp.r^ Pavorit paper. Mode Copy paper. 
Rapid Copy paper/ EPSON EPP paper, Xerox 4024 paper, Xerox 
10 paper, Neenha Bond paper, Ricopy 6200 paper, Yamayuri 
paper and Xerox R paper - 
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TABLE 1 





ExamplG 


Comparative 
Flxaitiple 




7 


8 


9 


10 


11 


12 


13 


14 


1 


2 


3 




A 


A 


A 


A 


A 


A 


A 


A 


C 


C 


C 


Favorit 


A 


A 


A 


A 


A 


A 


A 


A 


D 


D 


D 


Mode Copy 


A 


A 


A 


A 


A 


A 


A 


A 


C 


D 


D 


Rapid Copy 


A 


A 


A 


A 


A 


A 


A 


A 


c 


D 


D 


EPSON EPF 


A 


A 


A 


A 


A 


A 


A 


A 


c 


C 


D 


Xerox P 


A 


A 


A 


A 


A 


A 


.A 


A 


c 


D 


D 


Xerox 4024 


A 


A 


A 


A 


A 


A 


A 


A 


c 


D 


D 


Xerox 10 


A 


A 


A 


A 


A 


A 


A 


A 


B 


D 


D 


Keenha Bond 


A 


A 


A 


A 


A 


A 


A 


A 


c 


D 


D 


Ricopy 6200 


A 


A 


A 


A 


A 


A 


A 


A 


B 


"c 


D 


Yamayuri 


A 


A 


A 


A 


A 


A 


A 


A 


D 


D 


D 


Xerox R 


A 


A 


A 


A 


A 


A 


A 


A 


C 


D 


D 



The results of Table 1 apparently indicate that the 
ink as used in Comparative Examples, that is to say, the 
ink noL cojiLdliiixiy the ydcchaiide-alkylecieoxy derivative 
represented by the above-mentioned forraula (1) or a 
mixture rhereof , Is poor In printing quality, and that the 
use of the ink of the invention results in improvement in 
printing quality, when the substances ot tormula (2) are 
not added in Examples 1 to 14, it is observed that blurs 
;3rp- inr.TMRftd to deteriorate printing quality more greatly 
Lhdu when Uie bubutances are added. 

Further, it has been observed that the ink of the 
invention is improved in clogging when used in the ink jet 
recording apparatus having a head discharging the ink by 
response of signals by use of an electrostrictive device. 
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by cuaLdiuiiiq Lhe eLhylene oxide and/or propylene oxide- 
added saccharide-alkylenQoxy derivatives represented by 
formula (1) or the mixtures tUereoE, For example, when 
the coinpooition of Example 7 was allowed to stand in an 
MJ-930C printer at 60*^0 at 40% RH for 1 week^ 3 or less 
cycles oL cltJctiUay (<^iitJ iutjulictalsma with whicli Epaon- 
roade printers are usually provide^/ and mode for sucking a 
proper amount of ink for recovering clogged nozzles) 
restored all nozzles. On the other hand, when the 
saccharide-alkyleneoxy derivative represented by the 
above-mentioned formula (I) or a mixture thereof waa not 
added, tour or more cycles ot niftaning werft rfiqu-irftri. 
Gimilar experiments using the ink of Examples 0 to 13^ as 
well as the ink of Example 7, also gavs approximately 
similar results. 

As described above, printed images recorded using 
the ink of the invention are reduced in blurs to materials 
to bo recorded ouch ao paper, and high in quality. 
Further, thfi highly pr;5r.ticci1 ink which is hard to cause 
clogging even when used in an ink jet recording apparaLuss 
having a head discharging the ink by response of signals 
by use of an electrostrictive device, that is to say, the 
ink suitable for ink jet recording, can be provided. 

hijrthftr, many of rhp saccharides which have hitherto 
been used in the preparation of ink arfe powdery or solid, 
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SO that they dr^ poor in woikdbiliLy because of 
contamination with impuritiea. However, the saocharide- 
alkyleneoxy derivatives represented by the above-mentioned 
formula (1) or tho mixturco thereof as used in the 
invention flrft lowftrftri in mplting point and can be used in 
the liquid sLdltJ- They dlau haa therefore the effect of 
improving workability. 

AS described above, the saccharide-alkyleneoxy 
derivatives represented by the above-montioncd formula (1) 
Of the invention or "Che mixtures thereof provide excellent 
printing quality and improvement in clogging to ink. 
According to the invention, thft nnvfil jeinhstances which can 
yield ink excellent in printing quality and improvement in 
clogging, particularly ink suitable for ink jet recording^ 
can be provided. 

Further, printing is possible without blurs on plain 
paper which has previously been insufficient, particularly 
on regenerated paper, by adding the oaccharide-alkyleneoxy 
derivatives represented by thfi i^hnvA-mftntioned formula (1) 
of the invention or the mixtures thereof. The invention 
has the excellent effect of being able to provide the ink 
which iy hdrd Lu uause cloqqinq, particularly the ink for 
ink jet recording which io hard to cause clogging even at 
a head tip of an ink jer rp.r.nrd ing apparatus. 
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While the invention has been described in delail dtiU 
with reference to specific examples thereof, it will be 
uppdieuL Lu one skilled in the art that various changes 
and modifications can he made therein without departing 
from rhe spirit and scope thereof . 
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